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Description 

Tuning circuit for a filter 

5 The invention relates to a tuning circuit for a filter, 
in order to tune a filter stage. 

As the amounts of data involved rise ever further, the 
frequency separations between individual transmission 

10 frequency bands become ever narrower. In consequence, 
ever more accurate analog anti-aliasing filters are 
required. For data transmission, the data from a data 
source is converted by means of a digital/analog 
converter to an analog transmission signal, and is 

15 transmitted to a receiver via a data transmission 
channel. In the receiver, the received data is converted 
to digital data by means of a digital/analog converter, 
for further data processing. The analog anti-aliasing 
filters prevent the analog/digital converter and 

20 digital/analog converter from injecting undesirable 
signal interference into the transmission signal. The 
filters are generally integrated on a semiconductor 
chip. The analog anti-aliasing filters contain RC 
elements which comprise resistors and capacitors. When 

25 the filters are integrated on a semiconductor chip, 
process discrepancies occur during the production 
process, so that the resistance and capacitance values 
of the RC elements contained in the filter may not be 
the same as the desired nominal value. The time constant 

30 (x) of an RC element is the product of the resistance R 
of the resistor and the capacitance C of the capacitor 
within the RC element. The cut-off frequency f g of a 
filter stage with an RC element depends on the RC time 
constant of the filter stage. The cut-off frequency f g 

35 of the associated filter stage therefore also varies as 
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a result of fluctuations in the resistances and 
capacitances . 

In order to avoid any fluctuation in the cut-off 
5 frequency f g of the filter stage, the filters are 
therefore tuned or trimmed after production. 

Figures la to lc show various possible ways for indirect 
tuning or for trimming of filters. 

10 

In Figure la, an on-chip resistor R 0 , which, for 
example, is in the form of an MOS transistor, is 
compared by means of a comparison circuit with an 
external high-precision resistance R ex t - The value of the 
15 on-chip resistor R 0 is automatically readjusted by means 
of a monitoring voltage V c until the on-chip resistor R 0 
has precisely the same value as the high-precision 
external resistance R ex t • 

2 0 In the arrangement as illustrated in Figure lb, a 
reference filter is used which has the same circuitry as 
the main filter that is to be adjusted. A sinusoidal 
signal is fed into the reference filter, and a phase 
comparator continuously compares the phase at the output 

25 of the main filter with that of the sinusoidal signal. 
The monitoring voltage V c is readjusted until the 
desired phase value is reached. 

A further possible way to carry out trimming according 
30 to the prior art comprises, as is illustrated in Figure 
lc, the use of an oscillator as a reference circuit. 
This oscillator is formed from the same circuit elements 
as the main filter. A comparison circuit compares the 
phase angle of the output signal emitted from the 
35 oscillator with that of the injected sinusoidal signal. 



1406/184 

-3- 

A monitoring voltage is readjusted until the desired 
phase value is reached. 

The tuning methods that are illustrated in Figures la to 
5 lc are based on tight matching of components on the 
chip, which are at a very short distance from one 
another . 

Figure 2 shows a so-called biquad filter according to 

10 the prior art. Biquad filters are second-order analog 
filters which are completely differential and contain 
two filter stages. Each filter stage in the biquad 
filter illustrated in Figure 2 has an RC element, in 
each case comprising a resistor R and a capacitor C. The 

15 resistances and capacitances are subject to 
manufacturing tolerances after the production process. 
These manufacturing tolerances may, for example, be 
plus/minus 20% in the case of capacitors, and plus/minus 
15% in the case of resistors. These production 

20 discrepancies result in the time constants (x=RxC) of 
the various filter stages varying widely, and in the 
cut-off frequencies f g being shifted. This in turn leads 
to a change in the respective cut-off frequency f g of 
the filter. During the integration of the second-order 

25 biquad filter as illustrated in Figure 2 and according 
to the prior art, this filter must therefore be trimmed 
or tuned. 

Figure 3 shows a block diagram of a circuit arrangement 
30 for trimming a filter according to the prior art. 
Conventional tuning and trimming circuits are integrated 
on the chip, as an autonomous circuit block. This 
separate trimming circuit is located on the same chip as 
the analog filter to be tuned and as the other 
35 functional circuit components. The trimming circuit 
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according to the prior art essentially comprises an 
analog circuit for measurement of the RC time constant 
(x) of a filter stage within the filter, and a digital 
circuit for evaluation of the measured time constant t. 
5 The analog RC measurement circuit within the separate 
trimming circuit is a circuit arrangement which is 
identical to the filter stage, which is to be measured 
and to be trimmed, within the filter. The digital 
circuit part of the trimming circuit evaluates the 
10 measured time constant x of the filter stage and 
switches a capacitor array, which is provided in the 
filter, in order to compensate for any discrepancy 
between the RC time constant and a nominal value. 

15 The circuit arrangement as illustrated in Figure 3 and 
according to the prior art for trimming of an analog 
filter has considerable disadvantages. The trimming 
circuit is arranged on the chip separately from the 
filter to be trimmed. Since the trimming circuit 

20 contains a model of the circuitry of the filter stage to 
be trimmed, it requires virtually just as much space 
during integration on the chip as the filter to be 
trimmed itself. The additional space required leads to 
considerably higher production costs for the overall 

25 chip. 

Since the trimming circuit is integrated on the chip 
separately from the filter to be trimmed, this results 
in a physical separation between the RC elements within 

30 the filter stage to be trimmed and the RC elements 
within the trimming circuit, which identically model the 
filter stage. The physical separation means that, from a 
circuitry point of view, good matching between the 
impedances of the capacitors within the filter to be 

35 trimmed and between the impedances of the capacitors 
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within the RC measurement circuit which is contained in 
the trimming circuit can be achieved only with 
difficulty. Manufacturing differences and temperature 
gradients may lead to the RC elements within the 
5 trimming circuit and within the filter stage to be 
trimmed having a different behavior. This in turn 
results in the filter stage being tuned or trimmed 
incorrectly . 

10 The object of the present invention is therefore to 
provide a tuning circuit for tuning a filter stage, 
which occupies as little space as possible during 
integration and which ensures a high degree of accuracy 
in the tuning of the filter stage. 

15 

According to the invention, this object is achieved by a 
tuning circuit having the feature specified in Patent 
Claim 1 and by a method for tuning having the feature 
specified in Patent Claim 31. 

20 

The invention provides a tuning circuit for tuning a 
filter stage, which has an RC element with an RC time 
constant (x) , 

with the RC time constant (x) being the product of the 
25 resistance of a resistor (Rl) in the RC element and the 
capacitance of a capacitor (CI) , which is connected in 
series with the resistor (Rl) , in the RC element, having 
a comparator for comparison of the voltage which is 
produced at the potential node between the resistor (Rl) 
3 0 and the capacitor (CI) , with a reference ground voltage, 
and having a controller which varies the charge on the 
capacitor (CI) in the RC element until the comparator 
indicates that the voltage which is produced at the 
potential node is equal to the reference ground voltage, 
35 with the controller switching a capacitor array as a 
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f unction of the charge variation time, which capacitor 
array is connected in parallel with the capacitor (CI) 
in the RC element, in order to compensate for any 
discrepancy between the RC time constant (x) of the RC 
5 element and a nominal value. 

The basic idea of the tuning circuit according to the 
invention is to integrate the tuning circuit in the 
filter to be trimmed itself, in particular in order to 
10 use the capacitors that are already in the filter to be 
tuned for tuning of the filter stage. 

Since the capacitors which are used for the tuning 
circuit are identical to those in the filter stage to be 

15 tuned, there is a perfect match between the capacitors, 
so that the tuning can be carried out with high 
precision. Furthermore, no additional space need be 
provided for capacitors for the trimming circuit, so 
that the total space that is required for the trimming 

20 circuit is small. 

In one preferred embodiment of the tuning circuit 
according to the invention, the filter stage is tuned in 
an integrated analog filter. 

25 

In one preferred embodiment of the tuning circuit 
according to the invention, the controller has a 
sequence controller for driving switches which are 
provided for varying the charge on the capacitor in the 
30 RC element. 

The switches are preferably integrated in the analog 
filter . 



35 The switches are preferably CMOS switches. 
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The sequence controller in one preferred embodiment has 
a digital counter for measurement of the charge 
variation time . 

5 

In this case, the digital counter for the sequence 
controller is preferably clocked by an external clock 
signal . 

10 The digital counter for the sequence controller 
preferably counts the number of clock cycles of the 
external clock signal between reception of a start 
signal and reception of a stop signal, which is received 
from the comparator. 

15 

The controller in one preferred embodiment has a memory 
which is connected to the sequence controller. 

A coded tuning control signal for switching the 
2 0 capacitor array is preferably stored in the memory for 
each count of the digital counter. 

The capacitor array in one preferred embodiment of the 
tuning circuit according to the invention has two or 
25 more tuning capacitors, which are connected in parallel 
with the capacitor in the RC element as a function of 
the coded tuning control signal . 

The capacitances of the tuning capacitors are preferably 
30 weighted multiples of a basic capacitance. 

The capacitor array in one preferred embodiment of the 
tuning circuit according to the invention is integrated 
in the filter stage. 



35 
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The integrated analog filter can preferably be switched 
between a normal filter mode and a tuning mode by means 
of switches which are driven by the sequence controller. 

5 The filter stage preferably has a completely 
differential operational amplifier . 

The completely differential operational amplifier 
preferably has a first signal input which is connected 
10 to a potential node in a first RC element, 

a second signal input which is connected to the 
potential node in a second RC element, 

a first signal output which is fed back via the 
capacitor in the first RC element to the first signal 
15 input, 

and a second signal output which is fed back via the 
capacitor in the second RC element to the second signal 
input . 

20 In this case, the capacitor in the first RC element is 
preferably charged by means of switches which are 
controlled by the sequence controller, and the capacitor 
in the second RC element is discharged by means of 
switches which are controlled by the sequence 

25 controller, until the voltages which are produced at the 
potential nodes in the two RC elements are of equal 
magnitude . 

The comparator preferably has a first signal input which 
30 is connected to the potential node in the first RC 
element , 

a second signal input which is connected to the 
potential node in the second RC element, and 
an output for emitting a stop signal to the sequence 
35 controller when the voltage which is applied to the 
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first signal input is equal to the voltage which is 
applied to the second signal input. 

The counter which is contained in the sequence 
5 controller preferably records the time until the 
voltages which are applied to the two signal inputs of 
the comparator are of equal magnitude. 

In one preferred embodiment of the tuning circuit 
10 according to the invention, the filter stage has an 
operational amplifier whose first signal input is 
connected to the potential node in the RC element and 
whose signal output is fed back via the capacitor in the 
RC element to the signal input. 

15 

In this case, the comparator preferably has a first 
signal input, which is connected to the signal output of 
the operational amplifier, 

a second signal input, to which the reference ground 
20 voltage is applied, and an output for emitting a stop 
signal, to the sequence controller, when the voltage 
which is applied to the first input is equal to the 
reference ground voltage. 

2 5 The second input of the comparator is preferably 

alternatively connected by means of switches which are 
controlled by the sequence controller to a first 
reference voltage source which generates a first 
reference voltage, or to a second reference voltage 

3 0 source which generates a second reference voltage. 

The capacitor in the RC element is preferably 
alternatively connected by means of switches which are 
controlled by the sequence controller to the first 
35 reference voltage source in order to discharge the 
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capacitor, or to the second reference voltage source in 
order to charge the capacitor. 

The capacitor preferably has its charge varied by means 
5 of the switches which are controlled by the sequence 
controller, until the first reference voltage is applied 
to the first input of the comparator, and the capacitor 
then has its charge varied in the opposite direction by 
means of the switches which are controlled by the 
10 sequence controller, until the second reference voltage 
is once again applied to the first input of the 
comparator . 

The counter which is contained in the sequence voltage 
15 preferably records the overall time for the charge 
variation and for the opposite charge variation of the 
capacitor . 

An anti-aliasing filter is preferably used for the 
20 analog filters. 

The analog filter is preferably an XDSL anti-aliasing 
filter . 

25 In one preferred embodiment, the analog filter is a 
biquad filter. 

In one particularly preferred embodiment, the analog 
filter is completely differential. 

30 

The analog filter preferably has two or more filter 
stages . 

The invention also provides a method for tuning a filter 
35 stage which contains an RC element with an RC time 
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constant, with the RC time constant (x) being the 
product of the resistance of a resistor (Rl) in the RC 
element and the capacitance of a capacitor (CI) , which 
is connected in series with the resistor (Rl) , in the RC 
5 element, with the method having the following steps, 
specifically variation of the charge on the capacitor 
(CI) by at least one RC element in the filter stage, 
measurement of the charge variation time until the 
voltage which is produced at the potential node between 

10 the resistor (Rl) and the capacitor (CI) in the RC 
element reaches a reference ground voltage, switching a 
capacitor array, which is connected in parallel with the 
capacitor (CI) in the RC element, as a function of the 
measured charge variation time, in order to compensate 

15 for any discrepancy between the RC time constant (x) of 
the RC element and a predetermined nominal value (x N om) - 

The capacitor in the RC element is preferably charged to 
a specific first reference ground voltage before the 
20 tuning of the filter stage. 

In one preferred embodiment of the method according to 
the invention, in order to tune the filter stage, the 
charge on the capacitor is varied until the voltage 
25 which is dropped across the capacitor is equal to a 
second reference ground voltage, and it is then charged 
in the opposite direction until the voltage which is 
dropped across the capacitor is once again equal to the 
first reference ground voltage. 

30 

In this case, the two charge variation times for varying 
the charge on the capacitor are preferably measured as 
an overall time. 
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In one preferred embodiment of the method according to 
the invention, a capacitor in a first RC element is 
charged to a first reference ground voltage before the 
tuning of the filter stage, and a capacitor in a second 
5 RC element is charged to a second reference ground 
voltage before the tuning of the filter stage, 
with the capacitor in the first RC element being 
discharged, and the capacitor in the second RC element 
being charged, until the voltage across the two 
10 capacitors is of equal magnitude. 

In this case, the charge variation time until the two 
voltages across the two capacitors are of equal 
magnitude is preferably measured. 

15 

Preferred embodiments of the tuning circuit according to 
the invention and of the tuning method according to the 
invention will be described in the following text in 
order to explain features that are significant to the 

2 0 invention, with reference to the attached figures, in 

which : 

Figure 1 shows various circuit arrangements for tuning 
filters according to the prior art; 

25 

Figure 2 shows a second-order biquad filter according to 
the prior art; 

Figure 3 shows a block diagram of a circuit arrangement 

3 0 for trimming a filter according to the prior art; 

Figure 4 shows a block diagram in order to explain the 
trimming process for a first embodiment of the tuning 
circuit according to the invention; 

35 
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Figure 5 shows signal flowcharts in order to explain the 
method of operation of the circuit arrangement according 
to the invention as illustrated in Figure 4; 

5 Figure 6 shows a diagram in order to explain the method 
of operation of the tuning circuit according to the 
invention as illustrated in Figure 4; 

Figure 7 shows a diagram in order to explain the method 
10 of operation of the tuning circuit according to the 
invention as illustrated in Figure 4; 

Figure 8 shows a circuit arrangement of a capacitor 
array which is used in the tuning circuit according to 
15 the invention; 

Figure 9 shows one preferred embodiment of the tuning 
circuit according to the invention for tuning a biquad 
filter ; 

20 

Figure 10 shows a block diagram of a second embodiment 
of the tuning circuit according to the invention; 

Figure 11 shows a signal flowchart in order to explain 
2 5 the method of operation of the tuning circuit according 
to the invention as illustrated in Figure 10; and 

Figure 12 shows one preferred embodiment of the tuning 
circuit according to the invention for tuning a biquad 
30 filter. 

Figure 4 shows a circuit arrangement in order to explain 
a first embodiment of the tuning circuit according to 
the invention. A filter 3 to be tuned contains a first 
35 RC element 1 and a second RC element 2. The filter 3 has 
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further circuit components, which are not illustrated in 
Figure 4, in addition to the first and second RC 
elements. The filter 3 is supplied with voltage by means 
of a positive supply voltage V dd and by means of a 
5 negative supply voltage V ss . The first RC element 1 
comprises a resistor Rl and a capacitor CI, which is 
connected in series with it. In the same way, the second 
RC element 2 comprises a capacitor C2 and a resistor R2 , 
which is connected in series with it. A connecting node 

10 4 within the first RC element 1, at which the resistor 
Rl and the capacitor CI in the RC element 1 are 
connected to one another, and a connecting node 5 within 
the second RC element 2, at which the capacitor C2 in 
the second RC element 2 and the resistor R2 in the 

15 second RC element 2 are connected to one another, are 
connected via lines 6, 7 via a first and a second signal 
input 8, 9 of a comparator 10. The comparator 10 
compares the voltage which is produced at the first 
potential node 4 with the voltage which is produced at 

20 the second potential node 5. The comparator 10 has an 
output 11 which is connected via a control line 12 to an 
input 13 of a sequence controller 14. The sequence 
controller 14 is part of a controller 15 which, in 
addition to the sequence controller 14, also contains a 

25 memory 16. The sequence controller 14 has a digital 
counter. Via a control input 17, the sequence controller 
14 receives an external start signal in order to start a 
tuning process for the filter 3. The counter which is 
contained in the sequence controller 14 measures the 

3 0 time between the received start signal and a stop signal 
which is emitted from the comparator 10. For this 
purpose, the sequence controller 14 is clocked by means 
of a clock signal CLK which is applied to a clock input 
18. The digital counter counts the number of clock 

35 cycles between the start signal and the stop signal. The 
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count Z is emitted via lines 19 to a look-up table which 
is contained in the memory 16. 

Via control lines, the sequence controller 14 drives 
5 switches which are provided in the filter 3, in order to 
tune the filter. In the embodiment shown in Figure 4, 
the sequence controller emits a first control signal A 
via a control output 20, and a second control signal B 
via a second control output 21. The control signal A 
10 drives the switches 22, 23 within the filter 3. The 
control signal B drives the switches 24, 25 within the 
filter 3 . 

Before the sequence controller 14 contains the start 

15 signal for starting the tuning process via the control 
input 17, the switches 22, 23 are closed on the basis of 
the control signal A, and the switches 24, 25 are opened 
on the basis of the control signal B. In consequence, 
the capacitor CI in the first RC element 1 is completely 

20 discharged before the start of the tuning process, and 
the capacitor C2 within the second RC element 2 is 
completely charged. Once the sequence controller 14 has 
received the start signal in order to start the tuning 
process, the switches 22, 23 are opened, and the 

25 switches 24, 25 are closed. This results in the 
capacitor CI within the first RC element 1 being 
charged, and in the capacitor C2 within the second RC 
element 2 being discharged. The comparator 10 compares 
the voltages which are produced at the voltage potential 

3 0 nodes 4, 5, and emits a stop signal via the control line 
12 to the sequence controller 14 as soon as the two 
voltages have the same magnitude. The sequence 
controller 14 measures the charge variation time of the 
clocked digital counter, and emits the count Z to the 

35 memory 16. The memory 16 contains a stored table in 
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which a coded tuning control signal is stored for each 
count. The tuning control signal comprises two or more 
coded control signal bits Zi for switching two or more 
switches within a capacitor array 26. The capacitor 
5 array 26 comprises two or more capacitors, which are 
connected in parallel with the capacitors CI, C2 to be 
tuned within the filter 3. The capacitor array 26 is 
integrated in the filter 3. The capacitor array 26 is 
driven via control lines 27 on the basis of the read 

10 coded tuning control signal. The RC elements 1, 2 are RC 
elements in a filter stage within the filter 3. In 
addition to the filter stage to be tuned, the filter 3 
may also contain further filter stages. The sequence 
controller 15 varies the charge on the capacitor CI in 

15 the RC element 1 until the comparator 10 indicates that 
the voltage which is produced at the potential node 4 is 
equal to a reference ground voltage, namely is equal to 
the comparison voltage which is produced at the 
potential node 5. The controller 15 switches a capacitor 

20 array 26, which is connected in parallel with the 
capacitor CI in the RC element 1, as a function of the 
charge variation time as measured by the digital 
counter, in order to compensate for manufacturing 
discrepancies between the RC time constant x of the RC 

25 element 1 and the nominal value. 

Figure 5 shows the signal profiles of the circuit 
arrangement illustrated in Figure 4. The tuning process 
starts at the time t st art, with the control signal A 

30 opening the switches 22, 23 and the control signal B 
closing the switches 24, 25. As is illustrated in Figure 
5, the RC element 1 is charged as a function of the RC 
time constant Ti=RlxCl . The second RC element 2 is 
discharged in the same way with the time constant 

35 x 2 =R2xC2 . By way of example, Figure 5 shows three 
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profiles for each RC element for different time 
constants ti and x 2 , showing 3 different intersections Si, 
S 2 , S 3 . If the supply voltage varies, the charging and 
discharge curves of the two RC elements are shifted in 
5 the same direction, so that the intersection is shifted 
vertically in the diagram, without the measuring time At 
being changed. The measurement circuit is thus extremely 
stable with respect to voltage fluctuations in the 
supply voltage. After receiving the start signal, the 
10 digital counter within the sequence controller 14 
counts, clocked by the clock signal CLK, the number of 
clock pulses between the received start signal and the 
stop signal that is emitted from the comparator. 

15 At = t C LK x N = LN(2) xRxC 

By way of example, Figure 6 shows the count Z of the 
counter within the sequence controller 14 as a function 
of the process discrepancy. If the process discrepancy 
20 is normalized with respect to unity, the count is, for 
example, 100. The normalized process discrepancy 1 
corresponds to the nominal value , that is to say the RC 
time constant x corresponds precisely to the desired RC 
time constant x NOM . The greater the process discrepancy 

2 5 from the desired nominal value, the greater is the 

discrepancy between the count and the desired nominal 
count of Z = 100. 

Figure 7 shows an example of a tuning code as a function 
30 of the count. In the example illustrated in Figure 7, 
the tuning code comprises four tuning control bits, 
which can be used to represent values between 0 and 15. 
When the count is 100, the tuning control code is, for 
example, 5, which corresponds to the bit sequence 0101 

3 5 in binary- coded form. The tuning control signal is read 
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from the memory 16 to a capacitor array 26 in the filter 
3 via the control lines 27 which, in the chosen example, 
comprise four control lines. 

5 The four control bits Z 0 , Z x , Z 2 , Z 3 control the switches 
26a, 26b, 26c, 26d, which are illustrated in Figure 8, 
within the capacitor array 26. The capacitor array 26 
contains two or more parallel -connected capacitors 28a, 
28b, 28c, 28d, which can be connected in parallel via 

10 the switches 26a, 26d. Each of the tunable capacitors 
CI, C2 within the filter 3 has an associated capacitor 
array which makes it possible to vary the RC time 
constant of the RC element 1 or of the RC element 2, and 
the controller 15. The controller 15 connects the 

15 capacitors 28a to 28d in the capacitor array 26 to the 
associated capacitor within the filter 3 as a function 
of the measured charge variation time, in order to 
compensate for the discrepancies between the RC time 
constant of the RC element and a nominal value x NOM / 

20 which result from the production process. The procedure 
illustrated in Figure 4 has the advantage that the 
trimming process is carried out independently of voltage 
influences. The process discrepancy is the one and only 
factor that influences the measurement result of the 

25 time constant x. The capacitance array 26 that is 
illustrated in Figure 8 has two or more tuning 
capacitors 28a to 28d, which are preferably more 
weighted multiples of a basic capacitance C baS ic - N tuning 
capacitors make it possible to set 2 N different states 

30 and capacitance values in order to compensate for 
process fluctuations. If N has four bits, this results 
in 16 different capacitance values. 

Figure 9 shows a circuit arrangement according to the 
35 invention for tuning a biquad filter. The circuitry of a 
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conventional biquad filter is illustrated in Figure 2. 
The biquad filter comprises two filter stages, with each 
filter stage being completely differential in its own 
right. In the example illustrated in Figure 9, the two 
5 RC elements, that is to say the RC element 1 and the RC 
element 2 in the first filter stage of the biquad 
filter, are tuned by means of the tuning circuit 
according to the invention. The biquad filter has a 
first filter stage with a completely differential 

10 operational amplifier 29, and a second filter stage with 
a completely differential operational amplifier 30. The 
input signal of the filter to be tuned is applied, 
during normal operation, via resistors Rl , R2 to the 
signal input of the operational amplifier 29. The output 

15 signal from the operational amplifier U ou t is emitted 
from the signal outputs of the operational amplifier 30 
in the second filter stage. The signal outputs of the 
second operational amplifier 30 are fed back via 
feedback resistors R5 , R5 ' to the signal inputs of the 

20 first operational amplifier 29. The signal inputs of the 
first operational amplifier 29 are respectively 
connected to a connecting node 4, 5 for the two RC 
elements 1, 2. The potential nodes 4, 5 of the two RC 
elements 1, 2 are connected via lines 6, 7 to the signal 

25 inputs of the comparator 10. The digital sequence 
controller 14 emits three control signals A, B, C. The 
control signals A, B, C control different switches which 
are integrated in the biquad filter. These switches are 
preferably CMOS switches. After reception of a start 

30 signal, the digital sequence controller 14 is switched 
from a normal filter mode to a tuning mode. For this 
purpose, the digital sequence controller opens all the 
switches which are annotated AQ in Figure 9, and at the 
same time closes all the switches which are annotated A. 

35 The opening of the switches AQ disconnects the first 
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filter stage of the biquad filter from the second filter 
stage. The two differential operational amplifiers 29, 
3 0 are switched to power down. Furthermore, the sequence 
controller 14 closes the switches that are annotated B, 
5 C in Figure 9. This results in a defined state for the 
subsequent measurement of the time constants x. In order 
to start the measurement process, the sequence 
controller 14 receives the start signal and opens the 
switches B, C. The digital counter which is contained in 

10 the sequence controller 14 counts the clock signal 
flanks from this time until the voltages at the 
potential node 4 and at the potential node 5 have the 
same magnitude. As soon as the comparator 10 identifies 
that this is the case, it emits a stop signal to the 

15 downstream digital sequence controller 14, and the 
digital counter which is contained in it stops counting. 
The measured charge variation time T is a measure of the 
RC time constant in the first filter stage of the biquad 
filter. In order to compensate for any possible 

20 discrepancy between the RC time constant and a nominal 
value, the controller switches a capacitor array 26, 
which is connected in parallel with the capacitors CI, 
CI' , on the basis of the tuning code which is stored in 
the memory 16 . 

25 

As can be seen from Figure 9, apart from the capacitors 
which are already contained in the biquad filter, the 
tuning circuit according to the invention does not 
require any additional measurement capacitors itself in 

30 order to tune the biquad filter. The space requirement 
is thus very small in comparison with conventional 
tuning circuits. Since, furthermore, there is no need 
for any reference components located away from the RC 
elements within the biquad filter for measurement 

35 purposes, there are also no matching problems. 
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After completion of the tuning process, the switches AQ 
are closed, and the switches A are opened. The filter 
then continues operation in the normal filter mode. The 
5 filter to be tuned has two operating modes, namely the 
tuning operating mode and the normal operating mode. In 
the normal mode, the trimming or tuning is switched off. 
The integrated switches which are additionally provided 
have no influence on the filter in the normal filter 
1 0 mode . 

In the embodiment illustrated in Figure 9, only the 
first filter stage is tuned. In alternative, further 
embodiments, it is also possible to carry out a tuning 
15 process for each filter stage. In this case, a specific 
tuning circuit can be provided for each filter stage, or 
different filter stages can be multiplexed in order to 
tune a common tuning circuit . 

2 0 Figure 10 shows a further embodiment of the tuning 
circuit according to the invention. The embodiment which 
is illustrated in Figure 10 uses fixed reference 
voltages. The second input 9 of the comparator 10 can be 
connected via the line 7 and switches A, AQ 

25 alternatively to a first reference voltage source 31 or 
to a second reference voltage source 32. The two 
reference voltage sources 31, 32 provide reference 
ground voltages for the comparator 10. 

30 In the embodiment illustrated in Figure 10, the filter 
stage to be tuned contains an operational amplifier 33 
with a first signal input 34 and a second signal input 
35. The inverting signal input 34 in the embodiment 
illustrated in Figure 10 is connected to the potential 

35 node 4 within the RC element 1. The potential node 4 



1406/184 

-22- 

represents the connecting point between the resistor Rl 
and the capacitor CI in the RC element 1. The 
operational amplifier has a signal output 36 which is 
connected via a line 37 and the first signal input 8 of 
5 the comparator 10. The signal output 3 6 is fed back via 
the capacitor CI in the RC element to the inverting 
signal input 34. The capacitor CI can be short-circuited 
via a switch 38. Together with the RC element 1, the 
operational amplifier 33 forms an integration circuit 39 

10 within the filter stage to be tuned. The signal input of 
the integration circuit 3 9 can be connected via switches 
40, 41 alternatively to a first reference voltage source 
42 or to a reference voltage source 43. The reference 
voltage source 42 is preferably identical to the 

15 reference voltage source 31, and the reference voltage 
source 43 is preferably identical to the reference 
voltage source 32. In the embodiment which is 
illustrated in Figure 10, the reference voltage sources 
31, 41 produce a positive reference voltage +U re f, and 

20 the reference voltage sources 32, 43 produce a negative 
reference voltage source -U re f. The reference voltage 
source 31 can be connected to the second input 9 of the 
comparator 10 via a switch 44, and the reference voltage 
source 32 can be connected to the second input 9 of the 

25 comparator 10 via a switch 45. The switches 38, 40, 41, 
44, 45 are switched by means of the digital sequence 
controller 14 . The switches are preferably integrated 
CMOS switches . 

3 0 Figure 11 shows signal flowcharts in order to explain 
the operation of the tuning circuit according to the 
invention as illustrated in Figure 10. The digital 
sequence controller 14 measures the charge variation 
time for the capacitor CI between two predetermined 

35 reference voltages (+U ref , -U ref ) . The time that is 
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measured is the time which the integration circuit 39 
requires in order to integrate up to the upper reference 
voltage (+U re f) and then to integrate back down to the 
first reference voltage (-U re f) . In order first of all to 
5 discharge the capacitance CI for the measurement, the 
sequence controller 14 first of all uses a sequence 
control signal B to close the switch 38. Once the switch 
B has been opened, the integration circuit 39 continues 
the integration process until the output voltage at the 

10 signal output 3 6 reaches the voltage value of the 
negative reference voltage (-U re f) • For this purpose, the 
comparator 10 emits a first stop signal or reversal 
signal to the digital sequence controller 14, which then 
initiates integration in the direction of the positive 

15 reference voltage (+U re f) , by closing the switch 40 and 
opening the switch 41. At the same time, the switch 44 
is closed and the switch 45 is opened, so that the 
comparator receives the positive reference voltage +U re f 
as the comparison voltage at its second signal input 9. 

20 The integration direction is switched or reversed at the 
time ti. The integration in the positive direction 
continues until the comparator 10 detects that the 
positive reference ground voltage is reached, at the 
time t 2 . The sequence controller 14 uses the clocked 

25 counter which is contained in it to measure the total 
time which is required to vary the charge on the 
capacitor CI and to vary the charge on the capacitor in 
the opposite direction. The total time 

30 AT = (tl - tO) + (t2 - tl) = zl x tcLK + z2 x t clk = 
z x t clk 

is recorded as the count Z, and is emitted to the memory 
unit 16 in order to read the tuning code. The tuning 
35 capacitors 28 which are provided in the capacitor array 
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26 are connected in parallel with the capacitor CI in 
the RC element 1 on the basis of the tuning code that is 
read, in order to compensate for discrepancies resulting 
from manufacturing tolerances. 

5 

Figure 11 shows the pure offset compensation resulting 
from the measurement. One advantage of the procedure 
illustrated in Figures 10, 11 is that the influence of 
offset voltages is compensated for in the measurement of 

10 the two integration times, namely the integration time 
Atl = tl - tO for discharging of the capacitor, and the 
second integration time At2 = t2 - tl for charging of 
the capacitor. This is because the offset voltage Uoffset 
for the first integration process results in a steeper 

15 gradient and, after reversal of the integration, in a 
shallower gradient. The offset voltage Uoffset is thus 
added in one integration process, and is subtracted in 
the opposite direction in the other integration process. 
The sum of the two integration times Atl and At2 is a 

2 0 measure of the RC time constant of the RC element within 
the filter. 

Figure 12 shows one preferred embodiment of the tuning 
circuit according to the invention for tuning a two- 

25 stage biquad filter. The measurement principle as 
illustrated in Figure 10 is used in the tuning circuit 
as illustrated in Figure 12. The filter to be tuned is a 
conventional biquad filter, as is illustrated in Figure 
2, with various switches being integrated in the biquad 

30 filter. The switches which are additionally provided are 
annotated A, B, C, D in Figure 12. 

The switching from the normal filter mode of the biquad 
filter to a tuning mode is carried out by means of the 
35 digital tuning controller, by opening the switches CQ 
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and by closing the switches C. In order to initiate the 
measurement process, a start signal is emitted to the 
digital sequence controller 14, which closes the 
switches A and opens the previously closed switch B. At 
5 the same time, the digital counter which is contained in 
the digital sequence controller 14 is started. The 
closing of the switch A results in the first reference 
voltage U re fi being applied via the measurement resistor 
Rmess to the potential node 4 in the RC element 1. At the 

10 same time, the second reference voltage U re f 2 is applied 
via a closed switch A to the second signal input 9 of 
the comparator 10 as a reference ground voltage. The 
integration circuit integrates the applied first 
reference voltage U re fi until the integrated voltage at 

15 the first signal input of the comparator 10 has 
precisely the same magnitude as the reference ground 
voltage U re f 2 - Once this state has been reached, the 
comparator 10 signals to the digital sequence controller 
14 via the control line 12 that the reversal v point has 

2 0 been reached, and the sequence controller 14 then opens 
the switches A and closes the switches D. This now 
results in the first reference voltage U re fi being 
applied as the reference ground voltage to the second 
input of the comparator 10. Furthermore, the second 

2 5 reference voltage U re f 2 is applied as the input voltage 
via a switch D to the measurement resistor RM and to the 
potential node 4, for integration. The integration 
circuit now integrates in the opposite direction until 
the reference voltage U re fi, which is applied to the 

30 input 9, is reached at the comparator input 8. Its state 
is identified by the comparator 10, which emits a stop 
signal to the digital sequence controller 14 in order to 
end the measurement process. The charging time between 
the time at which the switches A are closed and the 

35 initiation of the stop signal by the comparator 10 is 
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recorded by the digital counter as the count Z, and 
represents a measure of the RC time constant x of the RC 
element 1 within the first filter stage. The tuning 
capacitors which are contained in the capacitor array 26 
5 are switched in accordance with the stored tuning code 
as a function of the count Z, so that the difference 
value between the RC time constant and a time constant 
nominal value t NO m is compensated for, in order to tune 
the filter 3. 
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